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A monolithic optoelcc:tronic: rc:orivcr coosistin& of an MSM 
photodiode and a lwo.Siage amplifier bu been fabricated 
uJing an eobanoemml/<ltplction o-3""' m:cssed·gatc 
AIGaA!/GaAs HEMT pr""""". The bandwidth of 14·3GHz 
impiles suuabilily for transmission rates of up to 2() Gbil/s. 
The uanslmpedance is 6700 (into j()Q) and tile projected 
sensitivity is 16·4d8m (BER = 10-•). 
Introduction : Fibre optical links with extremely high data 
rates ( > I Gbit/s) arc required in long haul telecommunication 
systems as well as in compulcr local area networks, and 
board-to-board and chip-to-<:hip interconnections. Short dis-
tance interconnections can operate at 0·851'm wavelength 
which allows the usc of fully integrated GaAs transmitt<r and 
receiver circuits. 
In a previous paper [1] we reported the first JOGbil/s 
monolithic integrated optoelectronic receiver which was based 
on a GaAs mctal-semiconduclor-metal (MSM) photodiode 
and on enhancement/ depletion 0· 5!'m recessed-gate AlGa As/ 
GaAs H EMTs. A bandwidth of 8·2 GHz was demonstrated. 
In this Letter a receiver with a two-stage amplifier based on 
0 ·31'm liEMTs is described together with its ultrahigh·spced 
low-noise characteristics. To our knowledge this is the fastest 
monolithic integrated optoelectronic receiver to date [2, 3). 
Destg" alld jabrlcalio": The receiver was fabncated using our 
standard process for double delta-doped quantum well 
AIGaAs/ GaAs HEMTs with gale lengths of 0·3Jlm [4, 5). 
This process enables the fabrication of enhancement and 
depletoon transistors, diodes, MSM pbotodiodes, NiCr thin 
film resistors, MIM capacitors, and airbridge inductors. The 
interconnection between different devices is achieved by two 
levels of metullisation. Tbe following mean values for the 
enhancement and depletion H EMT parameters. n:spccrivcly, 
have bce.n obtained: threshold voltage: ().09 and -0·41 V. 
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transconductance: 565 and 360mS/ mm, source resistance: 0·7 
and 0·60mm, transit frequency : 50 and 420Hz. 
For the receiver we U$ed an MSM photodiode with I JIM 
wide fingers. l ·S1<m wide fin&er spacing. an active area of 
25 x 251'm1 • and no antireflection coating. The DC 
responsivtties to Iicht of <>-M11m wavelength are 0· 25 A[W for 
4 V and 0 ·27 AJW for 10 V bias voltage, respectively. The cor-
responding external quantum efficiencies are 37% at 4 V and 
40% at 10 V. The dark currents an: 2 nA at 4 V and 110 nA at 
IOV. 
The circutt diagram of the receiver IS shown in Fig. I. The 
receiver consists of an MSM photodiode, a transimpedance 
amplifier with a 5000 feedback resistor, a second-stage ampli-
fier, and an output buffer. In the transimpedance stage we 
used enhancement HEMTs with gate widths of 20 I'm. The 
values of the NiCr tbin film resistors depicted are in Ohms. 
The same circuit parameters as in the transimpedance stage 
were applied to the seoond-stage amplifier. The oulput buffer 
includes four depletion transistors with gate widths of 40 and 
80 11m. Fig. 2 is a photograph of the fabricated receiver. The 
depicted chip area measures 500 x 350 JIM'. Airbridges 
connect the MSM photodiode to lhe amplifier circuit. The 
receiver also indudes blocking capacitors for the supply volt-
ages. 
f'IJ. 2 Photograph offabrltar.d photoffctiver 
MSM photodiodc has 2S x 2S I'm' active area 
Circuit performance: All receiver measurements were per-
formed on-wafer using Cascade probes. The photodiode was 
irradiated by O·M1•m light rrom a high speed Ortel taser diode 
via a singlcmode fibre. The measured transimpedance of the 
receiver is 1·29 kO unloaded a nd 6700 when loaded to 500. 
The voltage gain achieved by the second-stage amplifier is 
- 3·5 and the power dissipation oft he receiver is 115mW. 
For high-frequency mea.~uremcnts the current driving the 
laser diode was directly modulated. The frequency response of 
the laser diode was dctermtned using a calibrated GEC 
Marconi photodiode and an liP 8510 network analyser. Fig. 
3 shows the small signal frequency response of the receiver 
itself. The - 3 dB bandwidth is 14·3 G Hz. The ftat frequency 
response and the ultrahogh bandwidlb tndtCale lhat the recei-
~r is suitable for transmission rates of up to 20 Gbil/s {N RZ). 
E)e diagrams of the receiver output voltage were measured at 
data rates up to IOGbit/s (the upper limit of our Anritsu pulse 
pattern generator). The eye diagrams of the preunt 20Gbitjs 
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receiver are of the same quality as our IOGbit/s receiver 
demonstrated previously [1]: they are determined mainly by 
the laser performance. 
Fig. 4 shows the output noise power spectrum of the recei-
ver. It was measured with a 26·5 GHz setup consisting of an 
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Equivalent input noise current density is 8·7 pA/(H~l'" 
HP 70620B low-noise preamplifier and an HP 71209A spec-
trum analyser. The total output noise power is 9· 7 x 10· 9 W 
(into 500), Taking into acCount the transimpedance of 6700 
and the bandwidth of 14,3 GHz this implies an averaged 
equivalent input noise current density ((i2),)'' 1 of 8·7 pA/ 
(Hzl'' 2• From the theory of Smith and Personick. eqn, (4·108) 
[6] the sensitivity can be calculated to be - I 6,4 dBm for a 
bit-error-rate (BER) of l0- 9• 
Conclusions: A 20Gbit/s monolithic integrated optoelectronic 
receiver for light of 0,85 Jlffi wavelength has been designed, 
built, and tested. The bandwidth is 14,3GHz. the transimped-
ance is 6700 (into 500). and the sensitivity is - 16·4d8m 
(BER = 10-9), 
Using AIGaAs/GaAs HBTs and a pin photodiode, Pedrotti 
eta/. [2) produoed a receiver with a bandwidth of 13GHz, a 
transimpedance of 2500, and a sensitivity of -12d8m 
(BER = 10- 9). Ketterson et a/. (3) used pseudomorphic 
GaAs/ lnGaAs/AIGaAs MODFETs and an MSM photodiode 
in the design of a lOG Hz bandwidth receiver with a transim-
pedance of 300 n, Including a variable active feedback 
resistor, a gain-peaked response with a bandwidth of 14 G Hz 
was measured at a lower transimpedance of 90 0, 
Our results are thus the highest yet reported, This demon-
strates the ability of our standard enhancement}depletion 
0'31'm recessed-gate AIGaAs/GaAs HEMT process to 
provide monolithic integrated receivers with ultrahigh-
bandwidth low-noise characteristics. 
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